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(57) ABSTRACT

A valve opening-closing timing control device includes: a
driving rotating body that rotates synchronously with a crank-
shaft; a following rotating body that rotates integrally with a
cam shaft; a phase control mechanism that controls changing
of relative rotational phases of the driving and following
rotating bodies; a torsion coil spring engaged by a front mem-
ber of the driving rotating body and by the following driving
body, and biases the following rotating body in an advance/
retarded direction with respect to the driving rotating body.
The front member includes multiple bearing surfaces to be
attached with countersunk head screws, and an engaging part
engaging an end of the torsion coil spring with the torsion coil
spring in a twisted state. The engaging part includes a mount-
ing part for a tool with which the end of the torsion coil spring
is moved in a direction increasing torsion strength of the
torsion coil spring.

7 Claims, 8 Drawing Sheets
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1
VALVE OPENING-CLOSING TIMING
CONTROL DEVICE AND METHOD FOR
ATTACHING FRONT MEMBER THEREOF

TECHNICAL FIELD

The present invention relates to a valve opening-closing
timing control device including: a driving rotating body that
rotates synchronously with a crankshaft of an internal com-
bustion engine; a following rotating body that rotates inte-
grally with a cam shaft of the internal combustion engine on
the same rotation axis as the driving rotating body; a phase
control mechanism that controls changing of relative rota-
tional phases of the driving rotating body and the following
rotating body; and a torsion coil spring that is engaged
between the following rotating body and a front member
provided in the driving rotating body, and biases the follow-
ing rotating body with respect to the driving rotating body in
an advance direction or a retarded direction, wherein the front
member includes multiple bearing surfaces provided so as to
be attached with countersunk head screws to the driving rotat-
ing body, and an engaging part that engages an end of the
torsion coil spring with the torsion coil spring in a twisted
state. The present invention relates also to a method for
attaching the front member.

BACKGROUND ART

In the above-mentioned valve opening-closing timing con-
trol device, the front member includes multiple bearing sur-
faces in the form of conical surfaces provided so as to be
attached with the countersunk head screws to the driving
rotating body.

Therefore, the projecting amount of bolt heads from the
front member is reduced, as compared to the case where the
front member is attached with hexagonal bolts or the like to
the driving rotating body, in which their bolt heads are
brought into pressure contact with the flat surface of the front
member. Thus, the installation thereof is easy, even into a
narrow installation space, which is advantageous (see, for
example, Patent Document 1).

This valve opening-closing timing control device includes
the torsion coil spring that is engaged between the following
rotating body and the front member, and biases the following
rotating body in the advance direction or the retarded direc-
tion with respect to the driving rotating body, wherein the
front member includes the engaging part capable of engaging
the end of the torsion coil spring with the torsion coil spring
in a twisted state.

Therefore, when the front member is attached with mul-
tiple countersunk head screws to the driving rotating body, the
countersunk head screws are tightened with torsional force of
the torsion coil spring acting on the front member.

CITATION LIST
Patent Literature
Patent Document 1: JP 2011-140929 A
SUMMARY OF INVENTION
Accordingly, when the front member is attached with mul-
tiple countersunk head screws to the driving rotating body,
torsional force acting on the front member acts as a biasing

force that causes the front member to shift relative to the
driving rotating body. Therefore, the center of the counter-
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sunk head screws and the center of the bearing surfaces are
likely to be eccentric to each other.

Therefore, the multiple countersunk head screws might be
tightened in the state where the heads of the countersunk head
screws abut the bearing surfaces on their one side while being
in pressure contact therewith.

If the countersunk head screws are tightened in the state
where the heads of the countersunk head screws abut the
bearing surfaces on their one side while being in pressure
contact therewith, the tightening of the countersunk head
screws will be insufficient, which causes the pressure contact
between the front member and the countersunk head screws
to be loosened by an impact or the like. As a result, the
attachment of the front member to the driving rotating body is
loosened.

The present invention has been devised in view of the
actual situations described above, and an object thereof is to
provide a valve opening-closing timing control device in
which the front member is attached with multiple counter-
sunk head screws to the driving rotating body and such attach-
ment of the front member to the driving rotating body is less
likely to be loosened, and to provide a method for attaching
the front member.

A first characteristic configuration of the valve opening-
closing timing control device according to the present inven-
tion is that the valve opening-closing timing control device
includes: a driving rotating body that rotates synchronously
with a crankshaft of an internal combustion engine; a follow-
ing rotating body that rotates integrally with a cam shaft of the
internal combustion engine on the same rotation axis as the
driving rotating body; a phase control mechanism that con-
trols changing of relative rotational phases of the driving
rotating body and the following rotating body; and a torsion
coil spring that is engaged between the following rotating
body and a front member provided in the driving rotating
body, and biases the following rotating body with respect to
the driving rotating body in an advance direction or a retarded
direction, wherein the front member includes a plurality of
bearing surfaces provided so as to be attached with counter-
sunk head screws to the driving rotating body, and an engag-
ing part that engages an end of the torsion coil spring with the
torsion coil spring in a twisted state, and the engaging part
includes a mounting part for a manipulating tool with which
the end of the torsion coil spring is moved in a direction in
which torsion strength of the torsion coil spring increases.

In the valve opening-closing timing control device accord-
ing to this configuration, the engaging part that engages the
end of the torsion coil spring to the front member includes the
mounting part for the manipulating tool with which the end of
the torsion coil spring is moved in the direction in which the
torsion strength of the torsion coil spring increases.

Therefore, the end of the torsion coil spring can be moved
in the direction in which the torsion strength of the torsion coil
spring increases, that is, in the direction in which the engage-
ment by the engaging part is released, using the manipulating
tool mounted in the mounting part, when the front member is
attached with the multiple countersunk head screws to the
driving rotating body.

Accordingly, when the front member is attached with the
multiple countersunk head screws to the driving rotating
body, the torsion coil spring can be retained so that its tor-
sional force does not act on the front member. Therefore, the
center of the countersunk head screws and the center of the
bearing surfaces are less likely to be eccentric to each other,
and thus it is easy to tighten the respective multiple counter-
sunk head screws so that the heads of the countersunk head
screws do not abut the bearing surfaces on their one side.
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Accordingly, with the valve opening-closing timing con-
trol device according to this configuration, the attachment
between the front member and the driving rotating body is
less likely to be loosened, and the front member is attached
with the multiple countersunk head screws to the driving
rotating body.

A second characteristic configuration of the present inven-
tion is that the mounting part is provided with a space through
which the manipulating tool is insertable from a front side of
the front member, between the engaging part and the end of
the torsion coil spring engaged to the engaging part.

According to this configuration, operation can be con-
ducted by inserting the manipulating tool from the front side
of the front member into the space provided between the
engaging part and the end of the torsion coil spring engaged to
the engaging part, so that the end of the coil spring is moved
away from the engaging part in the coil circumferential direc-
tion by means of the manipulating tool.

A third characteristic configuration of the present invention
is that the front member includes a retaining part surrounding
the outer circumferential side of a coil portion that is continu-
ous with the end of the torsion coil spring, and an opening
through which at least the inner circumferential side of the
coil portion is exposed on a front side of the front member, at
a position where the phase difference is 90 degrees or more
with respect to the engaging part, with the rotational axis at
the center.

In conventional valve opening-closing timing control
devices, a front member includes an engaging part that
engages an end of an torsion coil spring, and a retaining part
surrounding, from the front side toward the back side of the
front member, a coil portion that is continuous with the end
engaged to the engaging part, over both the inner circumfer-
ential side and the outer circumferential side. Therefore, the
coil portion that is continuous with the end engaged to the
engaging part is retained by the retaining part in a state of
standing behind the front member on the back side thereof
over its entire circumference.

Such a valve opening-closing timing control device needs
to use a special gripping tool, in order to simultaneously grip
the front member and the coil portion that is temporarily
retained by the retaining part, from the front side of the front
member in the radial direction of the coil using one gripping
tool. That is, it is necessary to use a special gripping tool that
allows the tip of one of a pair of gripping members constitut-
ing the gripping tool to enter the front member from the front
side through the retaining part further into the back side of the
front member.

In the valve opening-closing timing control device accord-
ing to this configuration, the front member includes the
retaining part surrounding the coil portion on the outer cir-
cumferential side and the opening through which at least the
inner circumferential side ofthe coil portion is exposed on the
front side of the front member.

This configuration makes it possible to simultaneously
grip, from the front side of the front member and in the radial
direction of the coil, the front member and the coil portion that
is temporarily retained by the retaining part on the inner
circumferential side that is exposed on the front side of the
front member through the opening by allowing the tip of one
of'the pair of gripping members constituting the gripping tool
to enter the front member from the front side into the opening,
without allowing it to enter the front member through the
retaining part further into the back side of the front member.

Further, the opening is provided at a position such that the
phase difference with respect to the engaging part is 90
degrees or more, with the rotational axis at the center.
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This keeps a large distance between the gripping point in
the coil portion gripped by the gripping tool and the engaged
point in the torsion coil spring engaged by the engaging part,
thereby stabilizing a relative posture of the torsion coil spring
gripped by the gripping tool with respect to the front member.

Accordingly, the valve opening-closing timing control
device according to this configuration makes it possible to
efficiently perform fitting of the front member and fitting of
the torsion coil spring by simultaneously gripping, from the
front side of the front member and in the radial direction of the
coil, the front member and the coil portion that is temporarily
retained by the retaining part, using one gripping tool, with-
out using any special gripping tools.

A fourth characteristic configuration of the present inven-
tion is that the retaining part is provided so as to be capable of
retaining the coil portion over the entire circumference.

When the torsion coil spring that biases the following
rotating body with respect to the driving rotating body in the
advance direction or in the retarded direction is engaged
between the following rotating body and the front member
provided in the driving rotating body, the coil portion tends to
shift in the radial direction of the spring due to the torsional
deformation of the torsion coil spring.

Ifthe coil portion shifts in the radial direction of the spring
to interfere with the front member, the friction between the
coil portion and the front member increases during the rela-
tive rotation of the driving rotating body and the following
rotating body, which may result in failure to perform the
relative rotation of the driving rotating body and the following
rotating body smoothly.

According to this configuration, it is possible to restrain the
coil portion from shifting in the radial direction of the spring
due to the torsional deformation of the torsion coil spring, by
retaining the outer circumferential side of the coil portion that
is continuous with the end engaged to the engaging part, over
the entire circumference.

Accordingly, the friction between the coil portion and the
front member is reduced, so that the relative rotation of the
driving rotating body and the following rotating body can be
performed smoothly.

A fifth characteristic configuration of the present invention
is that the opening is provided at a position closer to a portion
opposing the engaging part than to the engaging part, with the
rotational axis interposed therebetween.

The valve opening-closing timing control device according
to this configuration includes the opening at a position closer
to a portion opposing the engaging part than to the engaging
part, with the rotational axis interposed therebetween.

This keeps a large distance between the gripping point in
the coil portion gripped by the gripping tool and the engaged
point in the torsion coil spring engaged by the engaging part,
thereby stabilizing a relative posture of the torsion coil spring
gripped by the gripping tool with respect to the front member.

A sixth characteristic configuration of the present inven-
tion is that the engaging part is provided so as to be capable of
engaging, from the back side of the front member, the end of
the torsion coil spring in a state of extending along a radial
direction of the coil spring.

According to this configuration, it is possible to further
stabilize the relative posture of the torsion coil spring gripped
by the gripping tool with respect to the front member by
restraining the torsion coil spring engaged to the engaging
part from shifting toward the back side of the front member.

A seventh characteristic configuration of the present inven-
tion is that, in assembly of a valve opening-closing timing
control device including a driving rotating body that rotates
synchronously with a crankshaft of an internal combustion
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engine, a following rotating body that rotates integrally with
a cam shaft of the internal combustion engine on the same
rotation axis as the driving rotating body, a phase control
mechanism that controls changing of relative rotational
phases of the driving rotating body and the following rotating
body, and a torsion coil spring that is engaged between the
following rotating body and a front member provided in the
driving rotating body, and biases the following rotating body
with respect to the driving rotating body in an advance direc-
tion or a retarded direction, a method for attaching the front
member of the valve opening-closing timing control device
includes the steps of: mounting the torsion coil spring on the
following rotating body, with one end of the torsion coil
spring engaged to the following rotating body; aligning the
front member with the driving rotating body while rotating
the front member toward a side on which torsional force of the
torsion coil spring increases, with another end of the torsion
coil spring engaged to the front member; temporarily cou-
pling the front member to the driving rotating body, with
countersunk head screws inserted through a plurality of screw
holes provided in the front member along with countersunk
head screw-bearing surfaces; moving the other end of the
torsion coil spring in a direction in which the torsional force
further increases so as to maintain the front member in a state
with no torsional force acting thereon; fully tightening the
countersunk head screws inserted through the plurality of
screw holes; and terminating the operation of moving the
other end of the torsion coil spring.

According to this configuration, the method for attaching
the front member, in assembly of the valve opening-closing
timing control device, includes the steps of: mounting the
torsion coil spring on the following rotating body, with one
end of the torsion coil spring engaged to the following rotat-
ing body; aligning the front member with the driving rotating
body while rotating the front member toward a side on which
torsional force of the torsion coil spring increases, with the
other end engaged to the front member; and temporarily
coupling the front member to the driving rotating body, with
countersunk head screws inserted through multiple screw
holes provided in the front member along with countersunk
head screw-bearing surfaces.

Accordingly, it is possible to temporarily couple the front
member to the driving rotating body, with the countersunk
head screws inserted through the multiple screw holes, while
fitting the torsion coil spring to the following rotating body
and the front member under torsional deformation.

However, in such a temporarily coupled state, torsional
force of the torsion coil spring is acting on the front member,
and therefore the center of the countersunk head screws and
the center of the bearing surfaces are likely to be eccentric to
each other. Thus, if the countersunk head screws are fully
tightened as they are, the countersunk head screws might be
tightened in the state where the heads of the countersunk head
screws abut the bearing surfaces on their one side.

Therefore, the method for attaching the front member
according to this configuration includes the steps of: moving
the other end of the torsion coil spring in the direction in
which the torsional force further increases so as to maintain
the front member in a state with no torsional force acting
thereon; fully tightening the countersunk head screws
inserted through the multiple screw holes; and terminating the
operation of moving the other end of the torsion coil spring.

Accordingly, the countersunk head screws are fully tight-
ened in a state where the torsional force does not act on the
front member, that is, in a state where one-sided abutment is
less likely to occur due to eccentricity between the center of
the countersunk head screws and the center of the bearing
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surfaces, and thereafter the moving operation on the other end
of the torsion coil spring is terminated, thereby allowing the
torsional force to act on the front member.

Therefore, according to the method for attaching the front
member of the valve opening-closing timing control device
according to this configuration, the front member is attached
with multiple countersunk head screws to the driving rotating
body and such attachment of the front member to the driving
rotating body is less likely to be loosened.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a vertical sectional view (sectional view taken
along the line I-I in FIG. 3 as seen in the direction of the
arrows) showing an overall configuration of a valve opening-
closing timing control device.

FIG. 2 is a sectional view taken along the line II-1I in FIG.
1 as seen in the direction of the arrows.

FIG. 3 is a front view of the valve opening-closing timing
control device.

FIG. 4 is a sectional view of a main part taken along the line
IV-IV in FIG. 3 as seen in the direction of the arrows.

FIG. 5 is a perspective view showing a front member and a
torsion coil spring.

FIG. 6 is a front view for explaining a method for attaching
the front member.

FIG. 7 is a sectional view for explaining the method for
attaching the front member.

FIG. 8 is a front view for explaining the method for attach-
ing the front member.

FIG. 9 is a sectional view of a main part for explaining the
method for attaching the front member.

FIG. 10 is a front view of a main part for explaining the
method for attaching the front member, in a state where the tip
of'a manipulating tool is mounted in a mounting part.

FIG. 11 is a front view of a main part for explaining the
method for attaching the front member, in a state where an
outer rotor-side spring end is moved in a direction in which
torsional force further increases.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments of the present invention are
described with reference to the drawings.

FIG. 1 to FIG. 5 show a valve opening-closing timing
control device according to the present invention to be
installed in an automotive engine (which is an example of
internal combustion engines).

Overall Configuration

As shown in FIG. 1, the valve opening-closing timing
control device includes a housing 1 (an example of driving
rotating bodies) made of steel that rotates synchronously with
a crankshaft (not shown) of an engine E, an inner rotor 3 (an
example of following rotating bodies) made of aluminum
alloy that rotates integrally with a cam shaft 2 of the engine E,
a torsion coil spring 10 that biases the inner rotor 3 with
respect to the housing 1 in the advance direction (direction of
the arrow S1 in FIG. 2), and a phase control mechanism A that
controls changing of relative rotational phases of the housing
1 and the inner rotor 3.

The housing 1 and the inner rotor 3 rotate on the same axis
X.

Housing and Rotor

As shown in FIG. 1to FIG. 5, the housing 1 includes a front
plate (an example of front members) 4 on the front side, that
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is, on the opposite side of the cam shaft 2 side, a wall member
5 on the back side, that is, on the cam shaft 2 side, and an outer
rotor 6 interposed between the front plate 4 and the wall
member 5.

The front plate 4, the outer rotor 6, and the wall member 5
are attached to one another with four countersunk head
screws 7 in a mutually tightened state. A sprocket Sa to which
power from the crankshaft is transmitted is provided around
the outer circumferential portion of the wall member 5. The
torsion coil spring 10 is engaged between the front plate 4 and
the inner rotor 3 in a state of being twisted and deformed in the
diameter decreasing direction.

When the crankshaft is driven to rotate, a rotational driving
force is transmitted to the wall member 5 via a power trans-
mission member (not shown) such as a chain, and the outer
rotor 6 rotates in the direction indicated by the arrow S in FI1G.
2.

As the outer rotor 6 is driven to rotate, the inner rotor 3 is
driven to rotate in the rotational direction S via oil inside an
advance chamber 11 and a retard chamber 12. As a result, the
cam shaft 2 is rotated, so that a cam (not shown) provided on
the cam shaft 2 actuates an intake valve of the engine E.

In the inner circumferential portion of the outer rotor 6,
multiple first partitioning parts 8 that project inwardly in the
radial direction are formed. These first partitioning parts 8 are
arranged at intervals along the rotational direction S.

In the outer circumferential portion of the inner rotor 3,
multiple second partitioning parts 9 that project outwardly in
the radial direction are formed. These second partitioning
parts 9 are arranged at intervals along the rotational direction
S, in the same manner as the first partitioning parts 8.

The first partitioning parts 8 partition the space between the
outer rotor 6 and the inner rotor 3 into multiple fluid pressure
chambers. The second partitioning parts 9 partition each of
these fluid pressure chambers into the advance chamber 11
and the retard chamber 12.

Furthermore, in order to prevent oil leakage between the
advance chamber 11 and the retard chamber 12, a seal mem-
ber SE is provided at each of a position opposing the outer
circumferential surface of the inner rotor 3 in the first parti-
tioning parts 8 and a position opposing the inner circumfer-
ential surface of the outer rotor 6 in the second partitioning
parts 9.

As shown in FIG. 1 and FIG. 2, the phase control mecha-
nism A supplies and discharges oil and blocks the supply and
discharge thereof to and from the advance chambers 11 and
the retard chambers 12, thereby controlling changing of rela-
tive rotational phases of the housing 1 and the inner rotor 3.

Formed inside the cam shaft 2 and the inner rotor 3 are
advance chamber passages 13 that connect between each
advance chamber 11 and the phase control mechanism A,
retard chamber passages 14 that connect between each retard
chamber 12 and the phase control mechanism A, and a lock-
ing passage 15 that connects between a locking mechanism B
configured to lock the inner rotor 3 and the outer rotor 6 at a
specific relative rotational phase and the phase control
mechanism A.

The phase control mechanism A includes an oil pan, an oil
motor, a fluid control valve OCV that supplies and discharges
engine oil, and blocks the supply and discharge thereof, to and
from the advance chamber passages 13 and the retard cham-
ber passages 14, a fluid switching valve OSV that supplies
and discharges engine oil, and blocks the supply and dis-
charge thereof, to and from the locking passage 15, and an
electronic control unit ECU that controls the actuation of the
fluid control valve OCV and the fluid switching valve OSV.
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The control operation performed by the phase control
mechanism A causes the inner rotor 3 to be displaced in the
advance direction (direction indicated by the arrow S1in FIG.
2) or the retarded direction (direction indicated by the arrow
S2 in FIG. 2) with respect to the outer rotor 6, so that the
relative rotational phase of the inner rotor 3 and the outer rotor
6 is maintained at an arbitrary phase.

The inner rotor 3 and the cam shaft 2 are fastened by a bolt
21 so as to be attached to each other. The bolt 21 is fastened to
an internally threaded part 256 formed on the far side of an
insertion through hole 2¢ provided at the tip of the cam shaft
2. This allows the inner rotor 3 to be integrally attached to the
tip of the cam shaft 2.

A through hole 25 through which the bolt 21 is inserted is
formed through the inner rotor 3, and a recessed portion 23
that houses the head of the bolt 21 on the front plate 4 side of
the through hole 25 is formed.

The gaps of the through hole 25 of the inner rotor 3 and the
insertion through hole 2¢ of the cam shaft 2 with respect to the
bolt 21 function as an advance chamber passage 13.

Fitting Structure of the Torsion Coil Spring

As shown in FIG. 1 and FIG. 3 to FIG. 5, the torsion coil
spring 10 has, at the ends of a spring body 10a formed by
winding a wire with a circular cross section into a coil, an
outer rotor-side spring end 105 that is engaged by a front
engaging part 16 provided in the front plate 4, and an inner
rotor-side spring end 10c that is engaged by a rotor engaging
part 17 provided in the inner rotor 3.

The outer rotor-side spring end 105 is provided in a posture
of projecting outwardly of the spring body 10« in the radial
direction of the coil spring.

The inner rotor-side spring end 10c¢ is provided in a posture
of projecting in the longitudinal direction of the spring body
104 so as to be inserted into the rotor engaging part 17 that is
formed into a hole extending parallel to the axis X.

The front plate 4 is in the form of a plate with a circular
outline including a multi-diameter through hole 18.

The multi-diameter through hole 18 is formed into a shape
including two inner arcuate portions 184 of the same diameter
and two outer arcuate portions 186 of the same diameter
provided alternately in the circumferential direction.

The inner arcuate portions 18a are formed coaxially with
the axis X with a diameter that is smaller than the internal
diameter of a coil portion 19 of the spring body 10a, in a
twisted and deformed state, that is continuous with the outer
rotor-side spring end 105. The outer arcuate portions 185 are
formed coaxially with the axis X with the same diameter as
the internal diameter of the recessed portion 23 of the inner
rotor 3.

The two inner arcuate portions 18a are arranged opposing
each other in the diameter direction across the axis X, and the
outer arcuate portions 185 are each arranged between these
inner arcuate portions 18a.

On the back side (on the outer rotor 6 side) of the plate
portions extending along the two inner arcuate portions 18«
and the two outer arcuate portions 18, a retaining part 20 is
provided so as to continuously surround the entire circumfer-
ence of one turn of the coil portion 19, on the outer circum-
ferential side, that is continuous with the outer rotor-side
spring end 105 engaged to the rotor engaging part 17. The
retaining part 20 is formed into a spiral shape that conforms to
the pitch angle of the spring body 10« that is torsionally
deformed.

The retaining part 20 includes a series of first retaining
parts 20a provided in the plate portions extending along the
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two inner arcuate portions 18a, and second retaining parts
204 provided in the plate portions extending along the two
outer arcuate portions 184.

The first retaining parts 20a extending along the inner
arcuate portions 18a are provided so as to form a groove that
continuously surrounds the outer circumferential side and the
inner circumferential side of the coil portion 19. The second
retaining parts 205 extending along the outer arcuate portions
184 are composed of end surfaces that form the outer arcuate
portions 185 that surround only the outer circumferential side
of the coil portion 19.

Accordingly, the portions of the multi-diameter through
hole 18 that are formed by the two outer arcuate portions 185
are provided as an opening 22 through which at least the inner
circumferential side of the coil portion is exposed on the front
side of the front plate 4.

One of the two outer arcuate portions 1854 is provided with
the front engaging part 16 that engages the outer rotor-side
spring end 1054 in the circumferential direction of the coil
spring with the torsion coil spring 10 in a twisted state.

The other of the outer arcuate portions 185 constituting the
opening 22 is provided at a position where the phase difter-
ence with respect to the front engaging part 16 is 90 degrees
or more, with the rotational axis X at the center, that is, at a
position closer to a portion opposing the engaging part 16
than to the engaging part 16, with the rotational axis X inter-
posed therebetween.

The front engaging part 16 is provided with a recessed
surface 24 that opens over the one outer arcuate portion 185
on the front side of the front member 4, so as to be provided
with an engaging surface 26 that engages the outer rotor-side
spring end 105 by being abutted in the circumferential direc-
tion of the coil spring and so as to be provided capable of
engaging it from the back side of the front plate 4 by a bottom
portion 24a of the recessed surface 24.

The front engaging part 16 receives torsional force of the
torsion coil spring 10 having the inner rotor-side spring end
10c¢ engaged to the rotor engaging part 17, by the engaging
surface 26 via the outer rotor-side spring end 104, thereby
biasing the inner rotor 3 with respect to the outer rotor 6 in the
advance direction.

Four screw holes 27 through which the countersunk head
screws 7 are inserted are formed passing through the front
plate 4, the outer rotor 6, and the wall member 5.

The screw hole portions in the front plate 4 of the screw
holes 27 are respectively provided with countersunk head
screw-bearing surfaces 29 in the form of conical surfaces with
which pressure contact surfaces 28 in the form of conical
surfaces that are formed at the heads 7a of the countersunk
head screws 7 are brought into pressure contact, so that the
front plate 4 is attached to the outer rotor 6 and the wall
member 5 with the countersunk head screws 7.

The screw hole portions in the wall member 5 of the screw
holes 27 are provided with internally threaded parts 27a with
which externally threaded parts 75 of the countersunk head
screws 7 are threadedly engaged.

The front engaging part 16 includes a mounting part 30 for
amanipulating tool such as a screwdriver which is operated to
move the outer rotor-side spring end 105 in the direction in
which the torsion strength of the torsion coil spring 10
increases, that is, in the direction in which the outer rotor-side
spring end 105 moves away from the engaging surface 26.

The mounting part 30 has a configuration in which a space
32, into which the tip portion of the manipulating tool can
enter from the front side of the front member 4, is provided
between the engaging surface 26 and the outer rotor-side
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spring end 105 engaged to the engaging surface 26, by form-
ing a notch part 31 in part of the engaging surface 26.

Method for Attaching Front Plate

FIG. 6 to FIG. 11 are explanatory diagrams illustrating a
method for attaching the front plate 4 according to the present
invention, in assembly of the above-mentioned valve open-
ing-closing timing control device.

The method for attaching the front plate 4 includes a first
step to a fourth step shown in FIG. 6 to FIG. 11, and fifth and
sixth steps, in numerical order.

In the first step, as shown in FIG. 6, FIG. 7, the coil portion
19 is temporarily retained by the retaining part 20, and the
outer rotor-side spring end 105 is temporarily engaged to the
front engaging part 16. Thus, the torsion coil spring 10 is
temporarily coupled to the front plate 4.

The torsion coil spring 10 and the front plate 4 thus tem-
porarily coupled are simultaneously gripped with one grip-
ping tool C as shown in FIG. 7, and the torsion coil spring 10
is mounted on the inner rotor 3 while the inner rotor-side
spring end 10c is inserted into the rotor engaging part 17 in
engagement therewith.

The torsion coil spring 10 and the front plate 4 are gripped
with the gripping tool C as follows. The tip of one gripping
member C1 of a pair of gripping members C1 and C2 is
inserted into the opening 22 from the front side of the front
member 4, so that the front plate 4 and the coil portion 19
extending along the outer arcuate portion 185, that is, the
inner circumferential side of a portion exposed on the front
side of the front member 4 through the opening 22 are simul-
taneously gripped in the radial direction of the coil.

Inthe second step, as shown in FIG. 8, while the front plate
4 is rotated toward the side on which the torsional force of the
torsion coil spring 10 increases (in the direction indicated by
the arrow S3) with the outer rotor-side spring end 105
engaged to the front engaging part 16, the front plate 4 is
positioned relative to the outer rotor 6 and the wall member 5
so that the four screw holes 27 each provide coaxial commu-
nication through the front plate 4, the outer rotor 6, and the
wall member 5.

In the third step, as shown in FIG. 9, the countersunk head
screws 7 that are inserted respectively through the four screw
holes 27 provided in the front plate 4 with the bearing surfaces
29 are temporarily tightened to the wall member 5. Thus, the
front plate 4 is temporarily coupled to the outer rotor 6 and the
wall member 5.

In the fourth step, as shown in FIG. 10, a tip portion D of a
manipulating tool such as a screwdriver is inserted into the
mounting part 30 from the front side of the front member 4,
and is operated to move the outer rotor-side spring end 105, as
shown in FIG. 11, in the direction in which the outer rotor-
side spring end 106 moves away from the engaging surface
26, that is the direction in which the torsional force further
increases. In this way, the front plate 4 is maintained with no
torsional force acting thereon.

In the fifth step, as shown in FIG. 1, the countersunk head
screws 7 inserted through the four screw holes 27 are fully
tightened simultaneously. In the sixth step, the tip portion D
of'the manipulating tool is withdrawn from the mounting part
30, the operation of moving the outer rotor-side spring end
105 of the torsion coil spring 10 is terminated, and the outer
rotor-side spring end 105 is engaged to the engaging surface
26, as shown in FIG. 3.

Other Embodiments

1. The valve opening-closing timing control device according
to the present invention may include the torsion coil spring 10
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that biases the following rotating body 3 with respect to the
driving rotating body 1 in the retarded direction.

2. The valve opening-closing timing control device according
to the present invention may have a configuration in which the
end 105 of the coil spring 10 projects from the front member
4 on the front side or outwardly in the radial direction thereof,
so0 as to be engaged by the engaging part 16 movably in the
direction in which the torsion strength of the torsion coil
spring 10 increases, and the mounting part 30 for the manipu-
lating tool with which the end 105 of the torsion coil spring 10
is moved in the direction in which the torsion strength of the
torsion coil spring 10 increases is composed of the portion of
the end 105 projecting from the front member 4.

3. The valve opening-closing timing control device according
to the present invention may include a front member having a
boss for shaft insertion and a flange for attachment, in addi-
tion to the front member 4 in the form of a plate.

INDUSTRIAL APPLICABILITY

The present invention can be used for valve opening-clos-
ing timing control devices of automobiles and other internal
combustion engines.

The invention claimed is:

1. A valve opening-closing timing control device compris-

ing:

a driving rotating body that rotates synchronously with a
crankshaft of an internal combustion engine;

a following rotating body that rotates integrally with a cam
shaft of the internal combustion engine on the same
rotation axis as the driving rotating body;

a phase control mechanism that controls changing of rela-
tive rotational phases of the driving rotating body and the
following rotating body; and

atorsion coil spring that is engaged between the following
rotating body and a front member provided in the driving
rotating body, and biases the following rotating body
with respect to the driving rotating body in an advance
direction or a retarded direction, wherein

the front member includes a plurality of bearing surfaces
provided so as to be attached with countersunk head
screws to the driving rotating body, and an engaging part
that engages an end of the torsion coil spring with the
torsion coil spring in a twisted state, and

the engaging part includes a mounting part for a manipu-
lating tool with which the end of the torsion coil spring
is moved in a direction in which torsion strength of the
torsion coil spring increases.

2. The valve opening-closing timing control device accord-

ing to claim 1, wherein

the mounting part is provided with a space through which
the manipulating tool is insertable from a front side of
the front member, between the engaging part and the end
of' the torsion coil spring engaged to the engaging part.

3. The valve opening-closing timing control device accord-

ing to claim 1, wherein

the front member includes: a retaining part surrounding the
outer circumferential side of a coil portion that is con-
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tinuous with the end of the torsion coil spring; and an
opening through which at least the inner circumferential
side of the coil portion is exposed on a front side of the
front member, at a position where the phase difference is
90 degrees or more with respect to the engaging part,
with the rotational axis at the center.

4. The valve opening-closing timing control device accord-
ing to claim 3, wherein

the retaining part is provided so as to be capable of retain-

ing the coil portion over the entire circumference.

5. The valve opening-closing timing control device accord-
ing to claim 3, wherein

the opening is provided at a position closer to a portion

opposing the engaging part than to the engaging part,
with the rotational axis interposed therebetween.

6. The valve opening-closing timing control device accord-
ing to claim 1, wherein

the engaging part is provided so as to be capable of engag-

ing, from the back side of the front member, the end of
the torsion coil spring in a state of extending along a
radial direction of the coil spring.

7. A method for attaching a front member of a valve open-
ing-closing timing control device, in assembly of the valve
opening-closing timing control device including: a driving
rotating body that rotates synchronously with a crankshaft of
an internal combustion engine; a following rotating body that
rotates integrally with a cam shaft of the internal combustion
engine on the same rotation axis as the driving rotating body;
a phase control mechanism that controls changing of relative
rotational phases of the driving rotating body and the follow-
ing rotating body; and a torsion coil spring that is engaged
between the following rotating body and the front member
provided in the driving rotating body, and biases the follow-
ing rotating body with respect to the driving rotating body in
an advance direction or a retarded direction,

the method comprising the steps of:

mounting the torsion coil spring on the following rotating

body, with one end of the torsion coil spring engaged to
the following rotating body;

aligning the front member with the driving rotating body

while rotating the front member toward a side on which
torsional force of the torsion coil spring increases, with
another end of the torsion coil spring engaged to the
front member,

temporarily coupling the front member to the driving rotat-

ing body, with countersunk head screws inserted
through a plurality of screw holes provided in the front
member along with countersunk head screw-bearing
surfaces;

moving the other end of the torsion coil spring in a direc-

tion in which the torsional force further increases so as to
maintain the front member in a state with no torsional
force acting thereon;

fully tightening the countersunk head screws inserted

through the plurality of screw holes; and

terminating the operation of moving the other end of the

torsion coil spring.

#* #* #* #* #*



